Abstract Tumor necrosis factor-alpha (TNF-α) inhibitors are effective treatment for juvenile idiopathic arthritis (JIA) but may increase infection rates. However, active JIA may also render patients vulnerable to infection. In this study, we prospectively assessed infection rates in JIA patients treated with and without TNF-α inhibitors and correlated disease activity with infection risk. TNF-α inhibitor-naïve JIA subjects were followed up for 12 months. Subjects initiated on TNF-α inhibitors after enrollment were analyzed in the TNF group. Subjects treated without TNF-α inhibitors were analyzed in the non-TNF group. Questionnaires captured mild or severe infections. JIA disease activity by Childhood Health Assessment Questionnaire (CHAQ) disability index/pain score and physician joint count/global assessment was recorded. Twenty TNF and 36 non-TNF subjects were analyzed. The total infection rate ratio for TNF versus non-TNF group subjects was 1.14 (95 % CI, 0.78-1.66; p=0.51). The average rate of infections per month was 0.29 for TNF and 0.24 for non-TNF subjects. No severe infections or hospitalizations occurred in either group. Secondary infectious outcomes were also similar between groups. Controlling for study group, an increase in CHAQ pain score correlated with an increase in several infectious outcome measures. Our results suggest no difference in infection rates between JIA subjects treated with and without TNF-α inhibitors. Additionally, JIA disease activity may have contributed to infection risk in our cohort, irrespective of immunosuppressive therapy. Future analysis of the relationship between treatment regimens, disease activity, and infection rates may help to further delineate predictors of infection risk in JIA patients.
Introduction
Tumor necrosis factor-alpha (TNF-α) inhibitors are effective in the treatment of juvenile idiopathic arthritis (JIA) but may increase infection rates due to immunosuppressive effects. However, evaluation of infection rates in JIA patients treated with these agents is relatively limited, and hypothetical risk is often inferred from adult studies of rheumatoid arthritis (RA) patients. Infection rates vary markedly between different studies investigating the use of TNF-α inhibitors in JIA patients [1] [2] [3] [4] [5] [6] [7] . Most documented infections are mild, the majority of which are upper respiratory tract infections (URTIs). In two recent reviews, reported rates of mild infections ranged from 8 to 97 % and reported rates of severe infections ranged from 0 to 9 % in pediatric patients treated with TNF-α inhibitors [8, 9] . However, previous studies assessing infection events in JIA patients on TNF-α inhibitors have several weaknesses, including study designs focused on drug efficacy rather than infection rates, limited comparisons of infection types and severity, and limited comparisons to patients on placebo therapy. Additionally, previous studies have not explored whether JIA patients are at increased risk for infection due to their underlying immune-mediated disease, and whether high JIA disease activity may therefore contribute to the risk of infection even in the absence of immunosuppressive therapy.
Adult RA patients may be at increased risk of mild and severe infections in comparison to the general population, even after accounting for treatment with immunosuppressive therapy. Increased rates of infection in RA patients may in part result from intrinsic immunologic disturbances related to RA activity itself [10, 11] . One study of adult RA patients showed that higher disease activity in RA (as measured by the clinical disease activity index [CDAI] and disease activity score 28 [DAS28]) independently increased infection risk [12] .
Two recent observational retrospective cohort studies by Beukelman et al. demonstrated that JIA subjects had a twofold increase in rates of hospitalized bacterial infection and opportunistic infection (primarily herpes zoster), in comparison to a healthy cohort (children with attention deficit hyperactivity disorder). Additionally, infection rates in JIA subjects were not significantly higher during treatment with methotrexate or TNF-α inhibitors [13] [14] [15] . This suggests that JIA patients, even before treatment with immunosuppressive therapy, may have a higher rate of serious infections than healthy children, possibly due to underlying immune dysfunction. However, the potential contribution of uncontrolled disease activity to risk of infection in JIA patients has not yet been elucidated.
The purpose of this study was to prospectively assess infection rates in JIA patients treated with and without TNF-α inhibitors and to correlate disease activity with infection risk in JIA patients.
Materials and methods

Study design
This prospective cohort study included JIA subjects between the ages of 1 and 21 years from a single center in the USA. Included subjects had a diagnosis of oligoarticular or polyarticular JIA, juvenile spondyloarthropathy, or unspecified juvenile arthritis. All included subjects were TNF-α inhibitor naïve at the time of enrollment. Subjects with systemic onset JIA, primary immunodeficiencies, and acquired immunodeficiencies (such as human immunodeficiency virus or malignancy) were excluded.
Baseline data were collected on all subjects. After enrollment, subjects who were initiated on a TNF-α inhibitor at the discretion of the treating physician were analyzed within the TNF group. Subjects who were treated without TNF-α inhibitors were analyzed in the non-TNF group. Subjects in either group could be treated with nonsteroidal anti-inflammatory drugs (NSAIDs), oral or intra-articular corticosteroids, methotrexate, or other disease-modifying antirheumatic drugs (DMARDs), as deemed necessary by the treating physician. Prior to initiation of a TNF-α inhibitor, all subjects in the TNF group were screened for Mycobacterium tuberculosis (by either purified protein derivative [PPD] test or quantiferontuberculosis gold test) and for chronic infection with hepatitis B virus (HBV) and hepatitis C virus (HCV) as clinically indicated. Upon enrollment in the study, all subjects were given an informational sheet explaining how to monitor for signs and symptoms of infection.
Subjects completed seven visits over 12 months. Demographic data, past medical history, and routine laboratory data and serologies (as ordered by the treating physician) were collected on all subjects at the baseline visit. Follow-up visits were then completed at 2-4 and 6-8 weeks, and 3-4, 6, 9, and 12 months after initiation of a TNF-α inhibitor for TNF group subjects. Visits were completed at the same time points after enrollment for non-TNF group subjects. At baseline and each follow-up visit, questionnaires captured infections diagnosed and treatments required. Severe infections were defined as those requiring hospitalization and/or intravenous antimicrobial therapy. Mild infections were identified by medical provider diagnosis or subjective caregiver report based on symptoms such as fever, rhinorrhea, etc. The following secondary infectious outcomes were also assessed: number of missed school days for infection, number of physician sick visits for infection, and number of antimicrobial agents prescribed.
Disease activity was recorded at each visit. Patient measures of disease activity included the Childhood Health Assessment Questionnaire (CHAQ) disability index (scored from 0 to 3.0) and pain score (visual analog scale scored from 0 to 100). Physician measures of disease activity included total joint count (out of 26 possible swollen, tender, or limited joints) and physician global assessment (visual analog scale scored from 0 to 10).
Research visits were completed in person during routine follow-ups with the subject's treating physician whenever possible. For subjects who were not seen by their treating physician when follow-up was due, surveys were completed by phone or email in order to minimize missing data. For phone and email follow-ups, physician measures of disease activity were therefore not available.
Statistical analysis
Baseline demographics and clinical characteristics were compared using t tests for continuous variables and chi-square or Fisher's exact tests for categorical variables. In order to account for differences in follow-up time between subjects, our primary outcome of total infections in each group was calculated as a rate based on total infection count over total followup time. Infection rate ratios and 95 % confidence intervals (CIs) between study groups were then calculated by Poisson regression, adjusting for age group and JIA subtype. All secondary infectious outcome rate ratios were calculated similarly. Longitudinal data, including rate of infection over time, as well as associations between infection and disease activity measures over time, were analyzed using Poisson regression and generalized estimating equations (GEE). Differences were considered significant at the p<0.05 level.
Results
Fifty-eight subjects were enrolled, out of 89 potential subjects originally approached. Initially, the TNF group was comprised of 20 subjects, and the non-TNF group was comprised of 38 subjects. One TNF subject self-discontinued TNF-α inhibitor therapy after 1 month and was therefore analyzed only through 3 months of follow-up in the TNF group. One non-TNF subject was diagnosed with a malignancy during the course of the study and was therefore excluded from all analysis. One non-TNF subject withdrew after the baseline visit and was therefore not included in the final outcome analysis. Our final analysis included 20 subjects in the TNF group and 36 subjects in the non-TNF group. Mean follow-up time was 8.6 months in the TNF group versus 9.4 months in the non-TNF group. Of the subjects included in the final analysis, 11 subjects (55 %) in the TNF group and 22 subjects (61 %) in the non-TNF group completed the full 12 months of follow-up. Within the TNF group, two subjects (10 %) withdrew from the study or were lost to follow-up and seven subjects (35 %) had not completed 12 months of follow-up at the close of the study. Within the non-TNF group, six subjects (17 %) withdrew from the study or were lost to follow-up and eight subjects (22 %) had not completed 12 months of follow-up at the close of the study.
Within the TNF group, 10 subjects were treated only with etanercept and 8 subjects were treated only with adalimumab. Two subjects were treated with different TNF-α inhibitors over the course of the study due to persistent uncontrolled disease (one with etanercept followed by adalimumab, one with adalimumab followed by certolizumab pegol).
There were no significant differences at baseline between the TNF and non-TNF group in regards to male to female ratio, age, race, JIA subtype, comorbidities, and immunization status ( Table 1 ). All TNF subjects had negative screening tests for tuberculosis, and those TNF subjects who were screened for HBV or HCV had no evidence of chronic infection. Two subjects in the TNF group were also treated with methotrexate, while no subjects in the non-TNF group were treated with methotrexate (p=0.05). There were no other significant differences in baseline medications between the two groups, and no subjects in either group were treated with oral or intraarticular steroids. Prior to initiation of TNF-α inhibitors, subjects in the TNF group were noted to have significantly higher baseline disease activity (p<0.05 for all disease activity measures). Mean erythrocyte sedimentation rate (ESR) was 18 mm/h in the TNF group versus 7 mm/h in the non-TNF group (p=0.02). There were no other significant differences in baseline laboratory values or serologies between groups.
We found no difference in total infection rates between TNF and non-TNF group subjects over 12 months of follow-up. The total infection rate ratio for TNF versus non-TNF group subjects was 1.14 (95 % CI, 0.78-1.66, p=0.51) ( Table 2 ). TNF group subjects had an average rate of 0.29 infections per month, and non-TNF group subjects had an average rate of 0.24 infections per month. Average infection counts at each visit and throughout total follow-up at 12 months did not differ significantly between TNF and non-TNF subjects (Fig. 1) . No severe infections occurred in either group. Secondary infectious outcomes, including rates of physician sick visits, missed school days for infection, subjective infections reported by caregivers, and antimicrobial prescriptions, were also all similar between groups ( Table 2 ). Within the TNF group, total infection rates were also stratified by treatment with adalimumab versus etanercept. The total infection rate ratio for TNF group subjects treated with adalimumab versus etanercept was 1.53 (95 % CI, 0.85-2.75, p=0.16).
Types of infections reported were compared between TNF and non-TNF subjects (Table 3 ). Viral syndromes were the most commonly reported infections in both groups, affecting approximately 60 % of subjects in each group during the study period. Influenza was diagnosed in three non-TNF subjects (none of whom had received a yearly influenza vaccine), but no TNF subjects. One subject in the non-TNF group developed localized herpes zoster infection versus no subjects in the TNF group. Other infections reported included gastrointestinal infections, skin infections, URTIs (including acute otitis media, sinus infections, and throat infections), and lower respiratory tract infections (including bronchitis and pneumonia). No further microbiologic identification was available. No statistically significant differences in types of infections were noted between TNF and non-TNF subjects. Additionally, no statistically significant difference in the number of subjects affected by any type of infection over the course of the study was noted in the TNF versus non-TNF group.
As expected, disease activity was higher at baseline in TNF versus non-TNF subjects. We therefore also sought to correlate disease activity with infection risk in our JIA cohort to evaluate the influence of disease activity upon infection rates in this cohort. While controlling for study group/treatment with a TNF-α inhibitor, for every increase of 1 unit in the CHAQ pain score, the total infection rate increased by 1.1 %, the rate of missed school for infection increased by 2.3 %, and the rate of physician sick visits increased by 1.7 % (p<0.001 for all outcomes). However, other measures of disease activity did not significantly correlate with our primary outcome of total infection rate or any of our secondary infectious outcomes.
Discussion
We observed no significant difference in the rate of infections for JIA patients treated with and without TNF-α inhibitors who were followed prospectively over 12 months. Importantly, there were no severe infections in any JIA subjects within our cohort. Our study suggests that TNF-α inhibitors may not significantly increase the risk of infection (either mild or severe) in JIA patients.
Risk of infection associated with TNF-α inhibitor use may differ between adult and pediatric patients. Some studies have suggested that rates of severe and opportunistic infections are increased in adult RA patients treated with TNF-α inhibitors. However, results are somewhat conflicting, and only a few studies have compared the risk of severe infection in RA patients treated with TNF-α inhibitors to RA patients on no immunosuppressive therapy. Rates of mild infections in these patients are also difficult to assess [16] [17] [18] [19] [20] [21] [22] [23] .
Studies of infection risk in JIA patients treated with TNF-α inhibitors have also yielded conflicting results. As mentioned above, reported rates of both mild and severe infections are inconsistent, ranging from 8 to 97 % and 0 to 9 %, respectively [8, 9] . In both adult RA and pediatric JIA patients, the use of other DMARDs in addition to TNF-α inhibitors may compound infection risk, making rates of infection attributable specifically to TNF-α inhibitors difficult to determine. However, some studies in JIA patients have shown that the risk of severe infections does not increase significantly with the combination of etanercept and methotrexate in comparison to methotrexate alone [24, 25] . Few studies in JIA patients have assessed the risk of infection associated with TNF-α inhibitor therapy with a comparator group not on immunosuppressive therapy. Our study primarily compared JIA patients on TNF-α inhibitors alone to JIA patients on no immunosuppressive therapy.
As mentioned above, a recent retrospective cohort analysis by Beukelman et al. suggested that JIA patients have an increased risk of bacterial infection requiring hospitalization as compared to children without JIA. Additionally, this study found that the rate of hospitalized infections in JIA patients was not significantly increased during treatment with methotrexate or TNF-α inhibitors [13] . Our prospective study also suggests that overall infection rates may not be significantly different in JIA patients treated with or without TNF-α inhibitors.
Our results differ from many previous studies in that we observed no severe infections requiring intravenous antimicrobials or hospitalization in our JIA cohort. There are many potential explanations regarding the lack of severe infections in our cohort. Compared to previous studies, our sample size was small, and our population may have been healthier at enrollment, with shorter duration of disease prior to TNF-α inhibitor initiation. Unlike some previous studies, we excluded systemic onset JIA patients, and none of our patients were treated with corticosteroids during the course of the study.
Although we observed no severe infections in our cohort, we were able to assess rates of mild infections in JIA subjects treated both with and without TNF-α inhibitors. Many prior studies do not directly address the risk of mild infections in JIA patients, which may still significantly impact quality of life, contributing to missed school days and other undesirable outcomes. When comparing the mild infections reported in our cohort, we found no difference in mild infection rates between JIA subjects treated with and without TNF-α inhibitors.
Prior studies have not compared rates of infection between subjects treated with the different TNF-α inhibitors. Our total infection rate ratio of 1.53 for TNF group subjects treated with adalimumab versus etanercept was not significant (p=0.16). However, this may partially be due to our small sample size. Future studies within larger JIA cohorts should be conducted to more adequately determine the relative risks of infection during treatment with different TNF-α inhibitors.
There was no clear increased risk of a specific type of infection in either group within our cohort. Although our subjects reported primarily common infections, tuberculosis and other opportunistic infections must always be considered in patients being treated with TNF-α inhibitors. While tuberculosis has previously been observed in both adults and children being treated with these agents [26] [27] [28] [29] [30] , there were no cases of tuberculosis in our study. Other opportunistic infections, such as herpes zoster, have also been described in JIA patients treated both with and without TNF-α inhibitors [15] . We observed one case of herpes zoster in a non-TNF subject. We observed no other opportunistic infections in our cohort. Our results suggest that the risk of opportunistic infections is low in JIA patients, regardless of treatment.
To our knowledge, this is the first prospective study designed to assess infection risk in juvenile idiopathic arthritis patients treated both with and without TNF-α inhibitors. We also investigated the potential association of disease activity with infection risk in children with inflammatory arthritis, which has previously been studied only in adults. In RA patients, disease activity may influence risk of infection, and infection rates may not be explained solely by treatment regimen [12] . JIA patients may have a higher rate of hospitalized bacterial infection than children without JIA, and varying treatment regimens may also not entirely explain this finding [13] . Disease activity may have contributed to risk of infection in our cohort. Subjects with higher CHAQ pain scores had higher total infection rates and higher rates of several secondary infectious outcomes over the course of our study. However, disease activity measures in our cohort were collected at the time of follow-up visits and reported infections typically occurred prior to follow-up visits. The association between high CHAQ pain scores and higher rates of infection outcomes is therefore difficult to interpret and could also simply indicate that JIA patients have increased pain during and after times of infection. None of our other measures of disease activity correlated with infection outcomes. However, our small sample size may have limited our detection of the influence of other disease activity measures upon infection risk. Nevertheless, the influence of JIA disease activity upon risk of infection remains unclear and should be studied further.
Our study had several limitations. Our cohort was from a single center, and our sample size, particularly for the TNF group, was small. Although our sample size was small, this is the first prospective study specifically examining infectious outcomes in children with JIA treated with and without TNF-α inhibitors. In a previous systematic review, we found that many prospective studies in the JIA population similarly included small numbers, yet provided meaningful information about the efficacy of biologics in this population [9] . However, no previous prospective studies have adequately addressed infectious complications. Our prospective study therefore advances the understanding of infection risk in patients with JIA treated both with and without TNF-α inhibitors.
Our dropout/non-completion rate was 41 % due to subjects moving away or changing physicians during the course of the study as well as not completing 12 months of follow-up prior to the end of the study period. Despite this limitation, the mean follow-up time for subjects was still 8.6 months in the TNF group and 9.4 months in the non-TNF group. Analysis of our infectious outcomes, both primary and secondary, took into account varying follow-up times by evaluating these outcomes as rates (events per month). This study was also observational. Treatment regimens were not controlled, and patients and physicians were certainly not blinded to their treatments. In addition, the selfreporting of infections may have been influenced by recall bias. Importantly, we did not obtain objective measures of infection such as positive cultures or serologic testing to confirm diagnoses but instead relied on self-report by the subject and family. Nonetheless, there was equal reporting of infection in both groups.
In conclusion, although JIA patients treated with TNF-α inhibitors must always be diligently monitored for infection, rates of infection in JIA patients treated with and without TNF-α inhibitors were not significantly different in our cohort. Our results suggest that the presumed increased risk of infection in JIA patients treated with TNF-α inhibitors may in fact not be evident in clinical practice. We must also consider JIA disease activity as a potential contributor to risk of infection, which may influence therapeutic decisions for these patients. Future analysis of the relationship between treatment regimens, disease activity, and infection rates may help to further delineate potential mechanisms and predictors of infection risk in JIA patients.
